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Abstract 
Even though motor vehicle accidents related to work zones represent a small percentage of the total number of crashes, the 
phenomenon is significant and work zones can be considered a critical point for the safety of both vehicle occupants and 
workers. This study analyses the speed of vehicles approaching work zones aiming to understand the drivers’ speed behaviour. 
This work shows that drivers do not obey the temporary speed limit and that they reduce speeds only when the lane width is 
reduced, resulting in high deceleration rates. These results should be taken into careful consideration when designing work 
zone sites. 
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1. Introduction  
Even though motor vehicle accidents related to work zones represent only a small percentage of the total 
number of crashes, the phenomenon is significant and work zones can be considered a critical point for the safety 
of both vehicle occupants and workers, as confirmed by statistics showing that crash rates in work zones are 
generally higher than those for the same sites during normal operations [1], [2]. 
Work zones require drivers to increase their attention in order to discern situations requiring special care. These 
special situations include temporary geometrics, lane reductions, presence of workers and mechanized 
construction activity, lack of horizontal markings and vertical signs, etc.. The consequences of driver errors made 
along work zones can be particularly severe since also workers can be involved. 
There is a widely held perception that speed is one of the most significant factors in road crashes. Therefore, 
the control of speed along road work zones is fundamental for the safety of both vehicle occupants and workers. 
For this reason road administrations and agencies worldwide provide standards and guidelines for the design and 
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implementation of traffic control plans of work zones that must be followed to ensure the safety of motorists and 
workers. Typically, these documents require traffic control devices such as temporary speed limits, signs, 
barricades, and other devices placed in advance of and within the work zone to inform, warn, and guide drivers 
and help them to maintain proper positioning and speed. These devices also serve to promote a smooth, safe, and 
orderly redirection of the normal vehicle path and to create a protective buffer for workers. 
However, the measures contained in these documents are usually not based on driver behaviour studies and the 
crash data in work zones show that these measures are often not enough to reduce significantly the phenomenon. 
In particular, simply posting temporary speed limits with a lower speed through a work zone, without any 
enforcement does not result in reduced speeds [3]. For this reason work zone safety cannot be reduced to speed 
management [4].  
Therefore, understanding real speed behaviour in the construction work zones and its relationship with the 
work zone features is critical to making appropriate temporary geometric design, roadside design and traffic 
control decisions. 
1.1. Objectives 
Usually, most of the existing studies that investigated vehicle speed along work zones are related to the 
development of models to predict travel times, queue length, travel speed, total delay and, more generally, to 
predict the impact on traffic due to the work zone. For these reasons, these studies usually focused on freeways 
and multilane roads. Also the respect of the temporary posted speed limit in work zones and the way to improve 
this aspect (variable speed limit signs, speed enforcement, etc…) is widely investigated on these roads. However, 
the work zones on freeways and multilane roads are usually characterized by high standards in terms of design, 
regulation, signs, barricades, and the roadway itself has usually high geometric standards. On the contrary, work 
zones along existing two-lane rural roads are often small, constrained by limited budget and characterized by poor 
geometric features. Consequently, there is a high probability that these work zones do not meet the safety 
measures required by the current guidelines. Moreover, few existing studies focused on the speed behaviour 
inside the work zone and on its relationship with the work zone characteristics but none of them focused on speed 
behaviour approaching the work zone. Therefore, the object of this research is to investigate the driver’s speed 
behaviour approaching work zones along two-lane rural roads. The results of this study can be useful both to 
designers for improving the geometric characteristics of the work zones and to coordinators for safety and health 
matters to develop an adequate safety and health plan. 
2. Literature review  
2.1. Work Zone Crashes 
There is a large body of evidence to suggest that work zones are unsafe sections of the road network. 
Discontinuities introduced by the works affect driver behaviour in terms of speed, lateral position and reaction 
times, thereby posing a risk to road users and workers. While the risks causing factors appear clear enough, they 
are not necessarily translated into national accident statistics. In fact, the analysis of work zone accidents is 
complicated by different accident data collection procedures, the limited size of accident samples and the absence 
of any quantified measure of exposure to compare the data with (number, length and duration of works, density of 
traffic affected, etc.) [5]. Another methodological issue concerns the definition of a work zone. More particularly, 
the area occupied by the control measures, such as signs, markings and protective devices, can extend well 
beyond the area effectively occupied by the road works. Nonetheless, a number of converging statistics confirm 
that work zone safety is a serious issue.  
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In Europe few data are available, especially for workers involved in accidents. European data show that 
accidents at work zones generally accounted for less than 2% of recorded accidents over the whole road network, 
but 3-5% on motorways [6]. An analysis of data from Finland and Slovenia identified a 2,9 to 4,9 increase in 
personal injury risks of motorists when travelling through a work zone [6]. Specific data on the risk of workers 
are not available. However, a survey released by the UK Highways Agency in 2006 suggested that up to 20% of 
workers had suffered some injury caused by passing vehicles in the course of their careers and 54% had 
experienced a near miss with a vehicle [7]. Between 2000 and 2005 sixteen workers died and ninety were 
seriously injured on England’s motorways and major roads alone [8]. 
In the United States more than 40.000 people are injured each year as a result of motor vehicle accidents in 
work zones [9]. Data for work zone crashes show over 1.000 fatalities each year between 2002 and 2005 [9]. 
Most recently, 576 fatalities resulting from vehicle accidents in work zones were recorded in 2010. That same 
year, 32.885 road users died in traffic accidents, therefore the percentage of fatalities in work zones is 1,75% [10]. 
Between 2003 and 2010, an average of 120 workers were killed each year on road work zones and 69 of them 
were struck by vehicles travelling through the work zone [11]. The US Bureau of Labor Statistics data indicate 
that the job-related death rate for road work zone workers is 32 deaths for every 100.000 workers, a rate nearly 
three times higher than other construction workers. No such statistic is available on a European basis [4]. 
In Italy data related to accidents in road work zones are not available. This is due, in particular, to the accident 
data collection procedure since the accident report form (ISTAT CTT.INC) used by the reporting officers does not 
have a work zone tag relating to the presence of the work zone. The only information available in the accident 
report form that may identify accidents in a work zone is the cause of the accident. In fact, among the different 
causes listed into the report form, there is “worker run over on the carriageway by a vehicle”. These data have 
been used to calculate the number of workers struck by vehicles: between 1998 and 2002 in Italy 36 workers died 
and 469 were seriously injured after being struck while they were working on the carriageway, for the most part 
on urban roads [12]. The same study analyzed the accident data collected on the road network of the province of 
Perugia between 2002 and 2004 and showed that accidents at work zones accounted for 1,14% of recorded 
accidents.  
All the available data, although scarce and fragmentary with the exception of the United States, show that 
accidents at road work zones are a major concern for traffic and worker safety and, therefore, should be further 
investigated in an attempt to improve the efficiency of work zone planning, design and operation. 
2.2. Speed through Work Zones 
In Italy, Bella collected speed data on 10 locations along a median crossover work zone on a motorway to 
calibrate and validate the use of the driving simulator for design and verification of the effectiveness of temporary 
traffic signs on highways [13]. The data analysis showed that the speeds along the work zone are much higher 
than the temporary speed limit. Speeds were below the limit only when there was a physical constraint due to a 
change in the roadway, which did not allow higher speeds. Therefore, the different driving behaviour seems to be 
suggested by the visual perception of the physical constraint rather than by the presence of temporary speed 
limits.  
In the United States Migletz et al. looked at changes in mean speeds, 85th percentile speeds and speed 
variances from upstream of work zones to inside work zones for several levels of posted speed reductions (from 0 
to 48 km/h) [2]. An analysis was conducted to determine the work zone speed limit policies that minimized the 
typical increase in speed variance from upstream of the work zone to within the work zone. The reason for this 
analysis was the fact that accident rates increase with the increase of speed deviation from the average speed of 
traffic. The analysis revealed a decrease in mean speed and an increase in speed variance for all levels of posted 
speed reduction in the work zone; the smallest increase in speed variance occurred with posted speed reductions 
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of 16 km/h. The 85th percentile speed reduction observed ranged between 7 km/h for no speed limit reduction to 
29 km/h for 48 km/h speed limit reduction.  
Taylor et al. [14] developed a work zone speed prediction model that may be used to estimate speeds for two 
common freeway work zone types: median crossovers and travel lane closure adjacent to the active lane. The 
model is based on data collected in 17 construction work zones. At each work zone, 2 to 19 locations were 
selected for speed data collection. One location was upstream of the work zone, prior to the influence of any 
temporary traffic control (typically 3,2–4,8 km upstream from the lane taper). The remaining locations were 
located at the centre of the lane taper and at the work zone. The lane taper was defined as the transition between 
the normal cross section and the work zone cross section where one lane and the adjacent shoulder were closed. 
Tapers were typically created by a series of channelizing devices such as vertical panels or drums. The work area 
comprised the remainder of the work zone from the lane taper to the termination point. The predicted 15th 
percentile, mean and 85th percentile speeds of passenger vehicles and trucks are predicted using a trained 
artificial neural network on the basis of the geometric and traffic control conditions. Among the input variables 
there are the upstream operating speed (any value between 48 and 72 mph) and the posted work zone speed. The 
first speed prediction point is at the lane taper and all subsequent points are within the work zone. 
Porter and Mason [15] used the speed data collected by Taylor et al. [14] to investigate relationships between 
speed behaviour, roadway and roadside geometrics, and traffic control in freeway construction work zones. 
Effects of work zone design and traffic control features on 85th percentile speeds were observed but they were 
relatively small. This finding was attributed to the higher-type facilities observed and current work zone design 
practice (i.e., to design for pre-work zone speeds). Restrictive radii, tight cross sections, and steep grades - three 
features that greatly affect speed - were not present in the work zone data collected. The greatest effects on 85th 
percentile passenger car and truck speeds were attributable to work zone posted speed and work zone type. Both 
passenger car and truck speeds were approximately 8 km/h slower in lane closures than median crossovers. Other 
factors with a significant influence on 85th percentile speeds included location of the work zone, infrastructure 
type, vertical alignment, and the presence of a temporary concrete barrier. In particular, passenger car speed 
deviations were approximately 6–10% lower in work zone areas with either a temporary concrete barrier or 
permanent roadside conditions compared to areas with drums, vertical panels, or other similar roadside devices. 
Porter et al.[16], using the same data, explored the relationship between mean speed and standard deviation of 
speed during low-volume conditions in freeway work zones. Results pointed towards a recursive structure, where 
mean speed is determined by exogenous design and traffic control features and standard deviation of speed is 
dependent on design and traffic control features as well as mean speed. A number of work zone design and traffic 
control features also influenced both speed parameters. The results indicate that the relationship between speed 
reduction, speed dispersion and work zone design and traffic control features is more complex than the 
generalization that a reduction in speed is also associated with increases in speed variance and, therefore, an 
increase in the probability of accidents as supposed by Migletz et al. [2]. 
3. Data collection  
3.1. Site Characteristics 
The selection of the work zones on the two-lane rural roads to be observed was very complex. In fact, the work 
zones must be preceded by a long tangent section, there must be a location to hide the operator of the Lidar gun 
and, moreover, the road administration and the coordinator for safety and health matters must give permission to 
make the measurements. Finally, speed data were collected along the approach tangent sections of 11 work zones 
on two-lane rural roads traversing level terrain in the north-east of Italy. The work zones are always placed along 
tangent sections having different posted speed limits (50 km/h, 70 km/h, 90 km/h). The roads are characterized by 
the typical cross sections of two-lane rural roads. The tangent sections do not present vertical curves or other 
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characteristics that could affect the drivers’ speed behaviour and limit the available sight distance. The sites were 
selected considering the geometric characteristics obtained from the regional cartographic database and from on-
site inspections. The selected work zones can be divided into two groups. The first one contains work zones 
characterized by a physical reduction of the carriageway width (tapers were typically created by temporary 
markings and channelizing devices), therefore with two lanes of reduced width, whereas the second one contains 
work zones that do not present reductions of the carriageway since work zones were located alongside the edge of 
the pavement. The temporary posted speed limit was 30 km/h for all work zones in the first group, whereas it was 
either 30 km/h or 50 km/h for the work zones in the second group. Temporary signs and posted speed limits were 
placed upstream of and within all the work zones surveyed, even though the organization of these devices usually 
did not comply with the Italian guideline [17]. Table 1 summarizes the characteristics of the surveyed work zones, 
whereas an example of a work zone is shown in Figure 1. 
Fig. 1. Example of work zone surveyed 
Table 1 shows the length of tangent Lt preceding the beginning of the work zone (Bwz), the radius and the 
length of the curve before this tangent, the carriageway width of the road outside the work zone, the posted speed 
limit on the tangent and the temporary speed limit due to the work zone presence, the number of temporary traffic 
signs due to the work zone presence, the distance from Bwz of the first temporary sign and of the temporary speed 
limit. 
3.2. Vehicle Speed Data Collection 
A light detection and ranging (LIDAR) gun was used to collect vehicle speed profiles. The Lidar gun allows 
the measuring of distances and speeds of vehicles with an accuracy of ±2 km/h and ±15 cm, respectively The 
practical maximum distance at which a speed measurement can be made is about 1.000 m. The Lidar gun was 
always placed in the direct path of the vehicle along the tangent section to avoid cosine error because the gun 
measures only the speed component along its axis. The operator with the gun was always hidden from traffic in 
order to minimize the effects of his presence on the driver and, consequently, on speed behaviour. Only the speeds 
of free-flowing passenger cars were measured. Even though free-flow vehicles are usually determined using a 
minimum headway of 5 seconds between vehicles, in this study a more restrictive rule was adopted for operative 
reasons. A passenger car was considered free-flow when the entire tangent section in front of it was free from 
other vehicles. In fact, this condition was necessary for the operator in order to collect the complete speed profile 
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of the passenger car along the entire tangent section. Data were collected in daylight, on a dry road. In all, the 
speed-profiles of 1.666 passenger cars were collected. 
Table 1. Work zone characteristics  
  Lt preceding Bwz 
R previous 
curve 
Carriageway 
width 
Posted 
Speed Limit 
temporary 
Speed Limit 
No. of 
temporary 
signs 
Distance 
Bwz-first 
sign 
Distance 
Bwz-
temporary 
speed limit 
1 177 103 8,5 50 30 6 84 49 
2 1392 82 8,5 50 30 6 118 49 
3 760 4330 11,6 90 30 8 270 236 
4 1180 350 9,9 90 30 9 272 210 
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5 890 roundabout 10,0 70 30 10 143 111 
6 227 190 6,8 50 50 3 92 52 
7 360 105 7,1 70 50 5 202 132 
8 370 240 6,6 90 50 4 291 212 
9 295 250 6,5 70 30 5 100 33 
10 220 475 6,5 70 30 5 114 42 w
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11 423 3000 7,2 90 30 7 203 99 
4. Data analysis  
Positioning the Lidar gun on the axis of the tangent made it possible to collect the speed data along the entire 
tangent section up to the beginning of the work zone. All distances refer to the beginning of the work zone (Bwz), 
defined as the section where the lane taper begins - in the case a physical reduction of the carriageway width is 
present - or otherwise as the section corresponding to the beginning of the construction area. Starting from Bwz, 
the tangent section was divided into intervals of 10 m and the speed of each vehicle was calculated at each 
location. Vehicle speed was determined at each location by interpolating it between the nearest speed 
measurements on either side of the location. To ensure an adequate sample size, at least 100 passenger cars were 
recorded for each location. The mean speed and the operating speed (85th percentile of the speeds observed) were 
calculated for each location and the speed-profiles were plotted for all sites. Figure 2 shows an example of the 
speed-profiles observed. All sites are characterized by a long tangent section, therefore a constant speed is reached 
and maintained by drivers approaching the work zone. The average and the 85th percentile of the speeds observed 
on Bwz (Vmwz; V85wz) and on a location considered representative of the speed-profile section along which the 
speed was quite constant (Vmtg, V85tg) are shown in Table 2. 
Two different approaches were considered to calculate the deceleration rate. The first approach calculates the 
deceleration rate for each vehicle and then calculates the mean and 85th percentile of the calculated rates. The 
second approach calculates the rate using the operating speeds and the mean speeds at both extremities of the 
deceleration distance. The first approach should better represent the actual speed reductions experienced by 
individual drivers [18], therefore it has been used in this study. The deceleration rate was evaluated for each 
vehicle using its maximum speed and its speed in correspondence of Bwz. Therefore, the deceleration distance Ld 
of the vehicle was the distance between the location where its maximum speed was measured and Bwz. It should 
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be noted that the operating speed-profiles observed show that the deceleration rate is not constant along the 
deceleration distance, but it increases near the beginning of the work zone. For this reason, the rates were also 
calculated along the final 20 m up to Bwz. The average and the 85th percentile of the deceleration rates and of the 
deceleration distances are shown in Table 2. 
Fig. 2. Example of speed-profile observed 
Table 2. Speeds (km/h) and deceleration rates (m/s2) 
Site Tangent Speed Work Zone Speed Deceleration Distance Ld 
Deceleration 
Rate (Ld) 
Deceleration 
Rate (20m) 
  Vm,tg V85,tg Dev.St Vm,wz V85,wz Dev.St Ld,m Ld,85 dm d85 dm,20 d85,20 
1 50,86 57,92 7,48 39,20 45,98 7,50 106,4 135,7 0,42 0,70 0,65 1,00 
2 52,96 59,87 7,36 42,91 48,68 5,37 126,2 169,9 0,32 0,45 0,45 0,75 
3 78,83 93,86 12,70 44,28 49,99 5,28 215,3 240,0 0,80 1,18 1,71 2,18 
4 80,9 93,67 12,49 49,09 55,31 6,16 203,3 221,7 0,81 1,08 1,51 2,07 
5 56,96 64,93 6,65 51,63 57,41 5,61 66,9 92,5 0,34 0,56 0,40 0,68 w
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mean 64,10 74,05 9,34 45,42 51,47 5,98 143,6 172,0 0,54 0,79 0,94 1,34 
6 64,71 73 8,98 60,00 67,62 8,19 107,4 150,3 0,24 0,39 0,38 0,65 
7 73,14 81,99 7,58 69,09 77,34 7,08 190,5 255,0 0,12 0,26 0,19 0,47 
8 79,42 91,62 12,45 78,27 89,92 13,89 182,8 280,7 0,10 0,31 0,16 0,40 
9 77,38 89,75 10,65 78,29 91,13 12,99 158,3 221,0 0,01 0,15 0,01 0,25 
10 76,39 88 11,96 77,68 89,34 12,80 176,9 252,0 0,01 0,17 0,02 0,25 
11 79,85 92,66 11,77 69,66 79,96 11,88 325,1 373,0 0,19 0,33 0,23 0,55 
w
or
k 
zo
ne
s w
ith
ou
t r
ed
uc
tio
n 
of
 c
ar
ria
ge
w
ay
 w
id
th
 
mean 75,15 86,17 10,57 72,17 82,55 11,14 190,2 255,3 0,11 0,27 0,17 0,43 
mean 70,13 80,66 10,01 60,01 68,43 8,80 169,0 217,4 0,31 0,51 0,52 0,84 
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5. Results  
The analysis of the speed distributions reveals that the speed variance usually decreases at the beginning of the 
work zone in respect of the approach tangent both for work zones with and without a physical reduction of the 
carriageway width. This result is in contrast to previous studies conducted in the United States [2], thus 
confirming that the relationship between speed reduction, speed dispersion and work zone traffic control features 
is more complex [16]. 
The average mean speed reduction observed for the work zone with a physical reduction of the carriageway 
width is equal to 18.7 km/h and the average mean speed reduction observed for the work zone without a physical 
reduction of the carriageway width is equal to 3,0 km/h (considering both the sites with temporary speed limits of 
50 km/h and 30 km/h). These reductions are similar to those observed in the United States [2]. However, it should 
be noted that no speed reduction was observed in two of the three work zones without a physical reduction of the 
carriageway width and with a temporary speed limit equal to 30 km/h. The speed at the beginning of the work 
zone is always well above the temporary speed limit (Vtsl). More particularly, 98% of vehicles drive at a speed 
higher than the temporary speed limit, and this percentage reaches 100% for 8 sites, as shown in Table 3. 
Table 3 Speeds (km/h) observed at the beginning of the work zone (Bwz) 
% of vehicles that exceed the speed of 
 Site Vtsl Vm,wz V85,wz 
Vtsl Vtsl + 10 Vtsl + 20 Vtsl + 30 Vtsl + 40 
1 30 45,98 39,20 90,60% 44,97% 6,71% 0,00% 0,00% 
2 30 48,68 42,91 100,00% 70,71% 11,11% 0,00% 0,00% 
3 30 49,99 44,28 100,00% 78,13% 15,63% 0,00% 0,00% 
4 30 55,31 49,09 100,00% 91,74% 45,87% 2,75% 0,00% 
5 30 57,41 51,63 100,00% 98,47% 58,78% 9,16% 0,00% w
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mean - 51,47 45,42 98,12% 76,80% 27,62% 2,38% 0,00% 
6 50 67,62 60,00 90,27% 48,67% 8,85% 1,77% 0,00% 
7 50 77,34 69,09 100,00% 94,20% 46,38% 5,80% 0,00% 
8 50 89,92 78,27 98,99% 92,93% 76,77% 41,41% 15,15% 
9 30 91,13 78,29 100,00% 100,00% 99,38% 85,68% 70,99% 
10 30 89,34 77,68 100,00% 100,00% 98,48% 93,94% 74,24% 
11 30 79,96 69,66 100,00% 100,00% 96,95% 79,88% 42,68% 
w
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mean - 82,55 72,16 98,21% 89,30% 71,14% 51,41% 33,84% 
mean - 68,43 58,79 98,17% 83,05% 49,38% 26,90% 16,92% 
 
Furthermore, 49,4% of vehicles exceeds the temporary speed limit for 20 km/h or more, even though there is a 
significant difference between the percentage of the work zones with a physical reduction of the carriageway 
width (27,6%) and the work zones without (71,1%). 
The average difference between the speed of each vehicle in Bwz and the temporary speed limit observed for 
the work zones with a physical reduction of the carriageway width is equal to 15,4 km/h, with a maximum value 
observed of 35,6 km/h, whereas for the work zone without a physical reduction of the carriageway width the 
average difference is equal to 32,2 km/h, with a maximum value observed of 98,7 km/h. These data suggest that a 
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physical reduction of the lane width helps to reduce speed and it might prevent workers from being struck by 
vehicles travelling through the work zone. However, it should be noted that an old study that investigated the 
effect of the lane width reduction in work zones of multilane highways showed that work zones where lane widths 
are reduced experience a higher increase in accident rate than work zones with no lane width reductions [19].  
For work zones without a physical reduction of the carriageway width and with a temporary speed limit of 30 
km/h, more than 80% of vehicles travel at a speed that is more than 30 km/h higher than the temporary speed limit 
(Table 3). This percentage confirms that drivers do not modify their speed behaviour if the perceived situation, 
and the consequent level of risk accepted, is not consistent with the posted speed limit. In fact, data collected 
show that the use of a lower temporary speed limit (30 km/h instead of 50 km/h) does not correspond to a lower 
speed at the beginning of the work zone. This observation supports the statement of MUTCD that “Temporary 
traffic controls at work sites should be designed on the assumption that drivers will only reduce their speeds if 
they clearly perceive a need to do so” [20]. 
The significant difference observed between the temporary speed limit and speeds measured at the beginning 
of the work zone supports the request of the FHWA to design the transition area, that is the section of highway 
where road users are redirected out of their normal path, for the normal posted speed rather than for the reduced 
temporary speed limit [3]. FHWA states that the greatest benefit of this practice is that safety is enhanced through 
the project since, without the unexpected curves, the traffic flow is maintained and rear-end and truck rollover 
accidents are reduced. On the other hand it should be noted that MUTCD underlines that longer tapers are not 
necessarily better than shorter tapers because extended tapers tend to encourage sluggish operation and to 
encourage drivers to delay lane changes unnecessarily [20]. 
The average deceleration rates dm observed vary between 0,81 m/s2 and 0,32 m/s2 for the work zones 
characterized by a redirection of the normal path of travelling vehicles since a physical reduction of the 
carriageway width is present, whereas it is always lower than 0,24 m/s2 for the work zones without a physical 
reduction of the carriageway width. The average deceleration rates dm,20 observed along the final 20 m are 
sensibly higher than those calculated along the entire deceleration distance. The average rate dm,20 observed for 
work zones with a physical reduction of the carriageway width can exceed 1,70 m/s2 along the final 20 meters 
and some vehicles (about 15%) decelerate at over 2,0 m/s2. Such a high rate suggests that particular care should 
be used during the work operations in order to prevent that the dirt on the pavement surface due to the work zone 
reduces the available friction factor.  
Finally, the excessive speed on work zones confirmed by the observed values, represents a serious concern for 
workers. Considering that the stopping distance doubles between 30 km/h and 50 km/h and triples between 30 
km/h and 70 km/h, and that pedestrians incur a risk of about 80% of being killed at a collision speed of 50 km/h 
as opposed to a 10% risk at speeds of 30 km/h [21], this concern should be given a lot of consideration in the 
design of a work zone. 
6. Conclusions  
Work zones can be considered a critical point for the safety of both vehicle occupants and workers. Even 
though available accident data in work zones are few and incomplete, especially in Italy, work zones definitely 
constitute unsafe sections of the road network, as confirmed by international statistics. Existing studies have 
mainly focused their attention on freeways and multilane roads to predict the impact to traffic due to the work 
zone and to improve compliance with the temporary speed limit. However, none of them has focused attention on 
driver speed behaviour on minor roads along which there is a widespread distribution of small work zones that 
often do not meet the safety measures required by current guidelines. Therefore, since speed is one of the most 
significant factors in road accidents, this study analyzed the speed behaviour of drivers approaching eleven work 
zones on two-lane rural roads in the attempt to provide useful information for the design process of work zones, 
ultimately trying to improve the safety of motorists and workers. The results show that the actual speed at the 
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beginning of the work zone is always higher than the temporary posted speed limit and that the difference usually 
exceeds 20 km/h. However, this difference is reduced if the work zone has a physical reduction of the carriageway 
width and a redirection of the normal path of travelling vehicles. On the other hand, the results also show that in 
this case the deceleration rate in the proximity of the work zone can be high. Therefore, both these aspects should 
be considered in the design process of the work zone. 
Finally, the excessive speed on work zones and the systematic noncompliance with the temporary speed limits 
evidenced by this study represent a serious concern for the safety of vehicle occupants and workers. 
Consequently, an effort should be made to reduce speeds through work zones, both by improving compliance 
with the temporary speed limits and by studying technical solutions that may induce the driver to reduce his 
speed. The results of this study seem to confirm that the presence of a physical reduction of the carriageway width 
can be useful in reducing speed, but consequences on accident occurrence should be studied in the near future. 
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